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(54) Improved molasses feed block for animals and method of making same 

(57) An improved molasses feed block that is water resistant, non-porous, hard and vitreous is generally manufactured by a 
method comprising providing a fluid feed composition comprising molasses, unsaturated free fatty acids and an amount of a 
bivalent base, sufficient to saponify said fatty acids to give 1 to 2% insoluble soap to enhance the water resistance of said 
feed block. Lecithin may be added in amount 1 to 2% to reduce the stickiness of the composition. A nutritional!/ compatible 
acid or base maybe added to maintain the pH of said composition between about 6.2 and about 6.8 to reduce swelling in 
the said feed block. 18 to 30% dry meal flour may be added to provide nutritional values to the feed block. The blocks are 
made by a method comprising heating the fluid composition at 107°C to 149°C and substantially ambient pressure, applying 
vacuum to further reduce the water content and forming the composition into blocks. 
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IMPROVED MOLASSES FEED BLOCK FOR ANIMALS AND METHOD 
OF MAKING THE SAME 

. High energy feed supplements are used in 
the raising of cattle, horses, sheep, and other 
5 livestock animals. These feed supplements are 

generally made from molasses and other ingedients, 
and are generally manufactured in the form of either 
a liquid feed supplement, or a solid block type of 
feed supplement. 

10 US Patent 3,961,081 (McKenzie) teaches a 

method of making a feed block which is said to be 
non-porous, hard and vitreous. The McKenzie patent 
provides a fluid feed composition comprised primarily 
of molasses and other ingredients, heating the fluid 

15 composition at ambient pressures and without 

substantial foaming to a temperature of from about 
'107°C (225°F) to about H9°C (300°F) to drive off 
water from the molasses mixture, subjecting the fluid 
composition to a vacuum without heating to further 

20 reduce the water content of the molasses mixture, 
forming the composition into feed blocks while the 
composition is sufficiently hot to be formable, and 
allowing the compostion to cool until it hardens in 
the form of blocks. 

25 It has been found that the feed blocks 

produced by the McKenzie method are not as 
satisfactory as the McKenzie patent suggests. It has 
been found that feed blocks produced pursuant to the 
McKenzie patent tend to soften and become sticky and 

30 difficult to handle after the passage of time due to 
the absorption of atmospheric moisture. Applicant 
has also found that the McKenzie feed blocks tend to 
swell during their manufacture to produce a porous 
honeycombed structure. Swelling of the feed blocks 

35 enhances the ability of the blocks to absorb 
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atmospheric moisture and causes packaging problems 
due to the increased volume of the block. 

The feed block to be described hereinafter 
solves the aforesaid problems of water absorption and 
swelling by providing an improved method and feed 
block which has a significantly reduced capacity for 
absorbing atmospheric moisture and which will not 
produce any significant swelling. 

The water resistant, non-porous, hard, 
vitreous feed block is generally made by the 
following method. A fluid feed composition is 
provided comprising molasses, about \% to 2% by 
weight of unsaturated free fatty acids, and an amount 
of bivalent base sufficient to saponify said fatty 
acids into an insoluble soap to enhance the water 
resistance of the feed block. The fluid feed 
composition may also comprise a nutritionally 
compatible acid or base in an amount sufficient to 
maintain the pH of said composition between about 6.2 
to about 6.8 to reduce the swelling of the feed 
block, and about 1# to about 2% by weight of lecithin 
to reduce the stickiness of the composition. All 
weight per cents expressed herein are of the total 
fluid feed composition. 

After the fluid feed composition has been 
thoroughly mixed, it is heated at ambient pressures 
to a temperature within a range from about 107°C 
(225°F) to about H9°C (300°P) to drive off most of 
the water content of the molasses and other 
ingredients. Thereafter, the fluid feed composition 
is subjected to a vacuum without any further heating 
to remove any additional water remaining in the fluid 
feed composition. 

Following the vacuum step, about 18^ to 
about 30$ by weight of a dry meal flour is admixed 
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with the hot fluid feed composition to provide 
additional nutritional values, and to reduce the 
swelling of the feed "block by reducing its 
temperature. The feed composition is then formed 
5 into feed blocks and allowed to harden. 

Apparatus for performing the method and 
producing the feed block embodying the invention will 
now be described by way of example with reference to 
the sole Figure in the accompanying diagrammatic 
10 drawing which shows a front elevation of the 
apparatus. 

To prepare the improved feed block of the 
present invention, the individual ingredients thereof 
are first fed into a scale-mounted ribbon mixer 

15 depicted by the numeral 1 in Fig. 1, to form a fluid 
feed composition having a total weight of about 4,535 
kg (10,000 pounds). These ingredients, as expressed 
in weight percents of the total fluid feed 
composition mixture, comprise about 80$ molasses, 

20 about 1-2$ of free unsaturated fatty acids, about 1- 
2$ of commercial grade lecithin, about 4$ fish 
solubles, about 0.6$ vitamin A, and about 10$ of dry 
minerals to saponify the fatty acids and to adjust 
the pH of the mixture. 

25 To prevent the dry minerals from adversely 

affecting the vitamin A, the fatty acids, lecithin, 
fish solubles and vitamin are added with the addition 
of the molasses. After about one quarter of the 
required molasses is added, then the dry minerals are 

30 added to the mixture. Molasses is continually added 
until total weight of the entire batch is reached. A 
steam jacket is provided around the mixture to 
maintain the temperature of the mix at about 93°C 
(200°F) to keep it in a fluid condition. The ribbon 
" 35 mixer thoroughly mixes the ingredients and provides 
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and even distribution thereof. The pressure of the 
steam in the jacket is maintained between 1.9 x 10^ 
to 2.4 x 10 5 Pa (40 to 50 psig). 

The free fatty acids are preferably added 
5 as part of an acidulated soap stock, having a pH of 4 
to 4-5> which is obtained from cottonseed oil or 
soybean oil which contains about 70-80$ of 
unsaturated free fatty acids, 5$ of water, and 20-30$ 
of triglycerides. Soap stocks from soybean or 

10 cottonseed oil are preferred only because they are 
readily available and least expensive. Acidulated 
soap stocks from any other vegetable or mineral oil 
containing large amounts of unsaturated free fatty 
acids may be employed. 

15 The 1-2$ of commercial lecithin added to 

the fluid feed composition contains 60-70$ pure 
lecithin, and 30-40$ of unsaturated fatty acids. The 
unsaturated fatty acids from the commercial lecithin 
when combined with the unsaturated fatty acids from 

20 the acidulated soap stock will provide a total of 
about 1-2$ of unsaturated free fatty acids for the 
entire mixture. 

The dry minerals comprise a bivalent base 
or bases in an amount sufficient to saponify the free 

25 fatty acids to an insoluble soap, a base or mixture 
of bases to regulate the pH of the mixture, and 
anhydrous salts to form a crystaline complex with any 
water remaining in the mixture after vacuum 
distallation. 

30 Thebivalent bases used for saponification 

comprise hydrated lime (calcium hydroxide), lime- 
stone flour (calcium carbonate), magnesium oxide, and 
zinc oxide. It has been found that the use of 
saturated fats or oils, or the use of saponification 

35 agents containing monovalent cations will not produce 
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insoluble soaps and will result in a feed block that 
will absorb atmospheric moisture and soften with 
time. - 

As an alternative to adding free fatty 
5 acids and saponifying agents to react and form 

insoluble soaps, these reactants may be eliminated 
and insoluble soaps may be added directly to the 
fluid feed composition. 

If the fluid feed composition is made from 
10 a molasses having an acidic pH, such as high brix 

cane molasses having a pH of 5 to 5 • 5 * the pH of the 
composition is adjusted to the desired range of 6.2 
to 6.8 by the addition of a base. The bases used for 
that purpose may be calcium hydroxide (hydrated 
15 lime), sodium hydroxide, magnesium hydroxide, 
ammonium hydroxide, or any other base that is 
nutritionally compatible with the feed composition 
and that will not injure animals feeding from it. 

If the fluid feed composition is made from 
20 a molasses having an alkaline pH, such as beet 

molasses having a pH over 7, the pH is adjusted by 
the addition of an acid. The preferred acid for this 
purpose is phosphoric acid because of its nutritional 
value, but other acids, such as hydrochloric or 
25 sulfuric may be utilized. 

The anhydrous salts are added in amounts 
between about 0.5$ to about 3% and comprise sodium 
sulfate, magnesium sulfate, calcium chloride, and any 
other anhydrous salt which is nutritionally 
30 compatible with the feed block. 

Pish solids, urea, and sodium selenite are 
added to the fluid feed composiion to provde 
additional nutrients. 

After the aforesaid ingredients have been 
35 added and mixed in the ribbon mixer, they are pumped 
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out into four primary cookers depicted by numerals 2 
to 5 in Pig. 1, each having a capacity of 970 kg 
(2,000 lbs). Each cooker is provided with a steam 
jacket regulated at 4*8 x 1 0^ Pa (100 psig) of 
steam for maintaining the temperature of the mixture 
therein from about 107°C (225°F) to about 149°C 
(300°P), and preferably between 115°C (240°F) to 
121 °C (250°P), at ambient pressure. A scraper and 
mixer is provided in each cooker to ensure that the 
feed composition is thoroughly mixed and cooked. The 
feed composition is cooked in each of the primary 
cookers for about 45 minutes to boil off water 
contained in the molasses and other ingredients used 
to form the fluid feed composition. The steam in the 
steam jacket is turned off and on at 15 minute 
intervals to maintain the desired temperature range. 

After cooking, the fluid feed composition 
is pumped from one of the cookers into a secondary 
cooker 6 which is connected to a vacuum tank 7. The 
fluid feed is cooked again in cooker 6 for about 5 to 
10 minutes at a temperature of about 118*0 (244°P) to 
about 129*0 (265°P)> to drive off any remaining 
water, and is then discharged into a vacuum tank 7 of 
the type described in US patent 3,961,081, to remove 
additional water by vacuum distillation. The vacuum 
is run at 61 cm (24 inches) of mercury for about 10 
to 12 minutes. Th vacuum tank is provided with a 
steam jacket that is maintained at about 1.2 x 10^ 
(25 psig) of steam, and the composition cools to 
about 82°C (180°P) to about 85°C (185°P) as it enters 
the vacuum tank. 

The feed composition is then discharged 
into a metering tank 8 having a sloped floor and a 
screw conveyor for moving the composition into a 
mixing tank 9- the metering tank is provided with a 
steam jacket maintained at 1.2 x 10^ Pa. (25 psig) 
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of steam, and the composition cools further to about 
81 °C (178°P). 

As the hot composition flows from the 
metering tank 8 it is admixed with a dry meal, from 
hopper 8a, in an amount which will comprise about 18# 
to about 30$ by weight of the total feed composition. 
The dry meal is prepared from cottonseeds, soybeans, 
or any other dry meal used as livestock feed, and is 
ground to a flour-like consistency. 

The introduction of the meal, which is at 
ambient temperatures, causes an immediate drop in the 
temperature of the hot fluid composition to about 
65°C (150°P). This drop in temperature decreases the 
evolution of gases from the fluid feed composition 
which would otherwise result in swelling and a porous 
honeycombed product as the feed composition is later 
formed into solid blocks. 

The fluid feed composition and the dry meal 
are blended and mixed together in mixer 9 by a twink 
screw mixer which conveys the feed compostion to a 
container filler 10 having a vertical screw 11. The 
feed composition is then discharged from the 
container filler 10 with the aid of the vertical 
screw 11 and flows into a drum container 12 which is 
moved away by means of a conveyor 13 for cooling and 
storage . 

The above description traces a flow of one 
batch of feed composition from one of the primary 
cookers 2, 3, 4 or 5 to the secondary cooker 6. When 
that batch is dischared from the secondary cooker 6, 
the next batch from one of the other primary cookers 
is ready to be pumped into the secondary cooker 6. 
This process is repeated until each batch from the 
primary cookers is pumped into the seconday cooker 6 
and processed as described hereinabove. 
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The feed block produced by the aforesaid 
method is found to be wate resistnt, non-porous, hard 
and vitreous and does not experience any significant 
amount of swelling. The insoluble soaps produced 
5 from the saponification of the 1-2# of unsaturated 

free fatty acids is believed to significantly improve 
the resistance to moisture of the feed block. 
Greater amounts of free fatty acids may provide for 
even more water proofing, but it has been found that 

10 if the fatty acid content is above 4-5$, the surface 
tension of the hot composition increases to a degree 
where it becomes difficult to mix in the dry meal. 

It has further been discovered that 
insoluble soaps which provide waterproofing for the 

15 finished feed block will allow the outer surface of 
the feed block to absorb atmospheric moisture at a 
relatively slow rate so that the outer surface 
softens at a relatively slow rate. However, the feed 
block underneath the surfae layer continues to resist 

20 moisture penetration and thereby avoids becoming a 
soft runny sticky mass which is a characteristic of 
feed blocks made pursuant to said McKenzie patent. 

In adding calcium hydroxide (hydrated lime) 
to saponify the free fatty acids, it is noted that 

25 only about 75 kg ( 1 65 lbs) of calcium hydroxide per 
4535 kg (10,000 lbs) of total composition may be 
added because greater concentrations cause the 
mixture to fume and bubble. 

If it is desired to reduce the calcium 

30 level, a stonger base such as sodium hydroxide 
buffered with ammonium phosphate may be used to 
maintain the pH at its proper level. This has the 
advantage of introducing more phosphates which is a 
desirable feed supplement. 

35 It has been found that the addition of the 
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dry meal to the composition will lower its 
temperature and reduce the evolution of gases 
therefrom which produces swelling. It has also "been 
found, that regulating the pH of the composition from 
5 about 6.2 to about 6.8 will also decrease the 

evolution of gases from the hot composition and 
reduce swelling. Using both these techniques in 
combination, ie the addition of dry meal plus 
regulating pH, will provide a maximum amount of 
10 control over swelling. A pH under about 6 has been 
found to make the composition unstable and allow for 
swelling. 

Cooking the feed composition in the primary 
and secondary cookers and subjecting it to vacuum 

15 distillation will remove about 970 kg (2,000 lbs) of 
water per 4535 kg (10,000 lbs) of feed composition. 
However, there will still remain a certain degree of 
water which will not be removed and which, if allowed 
to remain in the feed composition, would hasten its 

20 softening when prepared in block form. It has been 
found that the addition of anhydrous salts will 
remove these remaining traces of water by forming 
crystalline complexes with the salts. 

Anhydrous salts may also be used as a means 

25 for reducing some of energy required for heating and 
vacuum distillation. If the fluid feed composition 
is not cooked as long or at the high temperatures 
provided for herein, and if it is not subjected to 
the high vacuum distillation of the vacuum tank 7, 

30 .more water will be retained in the fluid feed 

composition. However, the presence of high levels of 
anhydrous salts will compensate for the greater 
quantities of water left remaining in the composition 
by tying up this free water and making it unavailable 

35 to soften the final product. 
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The anydrous salt that appears to perform 
most satisfactorily is mangesium sulfate heptahydrate 
which -is added .between 0.5-1.0 weight per cent of the 
total mix. The heptahydrate portion of the magnesium 
sulfate is lost during cooking, thus leaving the 
anydrous magnesium sulfate in an position to react 
with any free water in the composition. Sodium 
sulfate (salt cake), has also been found to work 
well, but it does not produce a feed block that is 
as hard as feed blocks made with magnesium sulfate. 

The foregoing process has been described in 
terms of four primary batch cookers which pump the 
fluid feed composition into a secondary cooker. 
However, this is not a limitation to the invention 
because the process can be worked so that the feed 
composition from the mixture 1 can be pumped directly 
into a single cooker, and from there into a vacuum 
tank. 

The following are examples of feed 
compositions embodying the present invention. 

EXAMPLE 1 



Pounds KG 

Acidulated Soybean 

Soap stock 142 64.4 

Acidulated Pish 

solubles 424 192.3 

Lecithin 

(commercial grade) 155 70.3 

Vitamin A Palmitate 

(80,000,000 iu number) 6 2.7 

Molasses 8,377 3,799-8 

Limestone flour-CaCO-^ 100 45.4 

Dicalcium phosphate 

Ca 2 P0 4 150 68.0 
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Hydrated Lime - Ca(0H) 2 165 74.8 

Urea ~ 525 238. 

Copper' Sulfate - CaSO^ 6 2.7 

Zinc Sulfate - ZnS0 4 37 16.8 

5 Sodium Selenite Solution 5 grams 

10,087 4,575-5 

Water loss 2,065 936.7 

8,022 3,638.8 

Cottonseed meal 2,674 1 ,21 2.9 

10 10,696 4,851.7 

EXAMPLE 2 

Pounds KG 

Acidulated Soybean 

1 5 Soap stock 250 1 13-4 
Lecithin 

(commercial grade) 120 54-4 
Vitamin A Palmitate 

(80,000,000 iu number) 3-4 1.54 

20 Molasses 9,407 4,627-0 

Magnesium Oxide - MgO 130 59-0 
Phosphoric Acid H2PO4 



90 40.8 



Magnesium Oxide (MgO) 163 73 • 9 

Dolomite 1,237 561.1 

25 Bakery wastes 1 ,232 558.8 

10,525 4,774.1 
In the above example, magnesium oxide, 
dolomite, and bakery wastes which refers to waste 
products from the bakery industry, are added in dry, 
30 flour form and in substitution for dry meal at the 
same point in the process where dry meal is added. 
EXAMPLE 3 - for cows and calves 

Pounds KG 

Acidulated Soybean 
35 Soap stock 142 64.4 
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Acidulated Pish 

solubles 
lecithin • 

(commercial grade) 
5 Vitamin A Palmitate 

(80,000,000 iu number) 
Molasses 

Limestone flour-CaCO^ 
Dicalcium phosphate 

10 Ca 2 P0 4 

Hydrated Lime - Ca(0H) 2 
Copper Sulfate - CaS0 4 
Zinc Sulfate - ZnS04 
Sodium Selenite Solution 

15 Cottonseed meal (after 
water loss) 

EXAMPLE 4 - 

20 Acidulated Soybean 
Soap stock 
Acidulated Pish 

solubles 
Lecithin 
25 (commercial grade) 

Vitamin A Palmitate 

(80,000,000 iu number) 
Molasses 

Limestone flour-CaCO^ 
30 Dicalcium phosphate 
Ca 2 PO4 
Hydrated Lime - Ca(0H)2 
Copper Sulfate - CaS0 4 

Zinc Sulfate - ZnS04 
35 Sodium Selenite Solution 



424 

155 

12 
7,893 
100 

538 
165 
6 
37 



2,674 
10,696 
for Horses 
Pounds 

142 

424 

142 

12 
8,822 
1 00 

1 50 
165 
6 
37 



3351 



192.3 

70.3 

5-4 
3,580.3 
45.4 

244.0 
74.8 

2.7 
16.8 



5 grams 



1 ,212.9 
4,851 .7 

KG 

64.4 

192.3 

64-4 

5.4 
4,001 .7 
45.4 

68.0 
74.8 

2.7 
16.8 



5 grams 
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Cottonseed meal (after 

water loss) 10,449 4,739-7 

EXAMPLE 5 for Heifers 

Pounds KG 

Acidulated Soybean 

Soap stock 140 63-5 

Acidulated Pish 

solubles 424 192-3 

Lecithin 

(commercial grade) 153 69-4 

Vitamin A Palmitate 

(80,000,000 iu number) 6 2.7 

Molasses 8,224 3,730.4 

Limestone flour-CaCO^ 35 15-9 

Dicalcium phosphate 

Ca 2 P0 4 284 74-8 

Hydrated Lime - Ca(0H) 2 1 g 5 74. 8 

Urea 526 238.6 

Copper Sulfate - CaS04 6 2.7 

Zinc Sulfate - ZnS0 4 37 16.8 

Sodium Selenite Solution 5 grams 

Cottonseed meal (after 

water loss) 2,674 1 ,212.9 

10,625 4,81 9-5 
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CLAIMS 

1. A method of making a water resistant, non- 
porous, hard vitreous feed "block for animals 
comprising the steps of providing a fluid feed 
composition comprising molasses, and from about \$> to 
about 2% by weight of an insoluble soap to enhance 
the water resistance of said feed block, heating said 
fluid composition at substantially ambient pressure 
and without substantial foaming in the composition to 
a temperature within a range of from about 107°C 
(225°F) to about 149°C (300°F) so as to drive off the 
major portion of the water content of the molasses in 
the composition, subjecting substantially all 
portions of said heated, fluid composition to a 
substantial vacuum without substantial further 
temperature increase so as to further substantially 
reduce the water content of the fluid feed 
composition, and forming said composition into blocks 
while it is still sufficiently hot to be formable, 
and allowing the composition to cool until it hardens 
into formed blocks. 

2. A method according to Claim 1 wherein said 
insoluble soap is formed in said fluid feed 
composition by admixing therein, from about 1$ to 
about 2% by weight of unsaturated free fatty acids, 
and an amount of a bivalent base or mixture thereof, 
to saponify said fatty acids into an insoluble soap, 

3. A method according to Claim or to Claim 2 
wherein said fluid feed composition further comprises 
a nutritionally compatible base or acid in amounts 
sufficient to maintain the pH of said composition 
from between about 6.2 to about 6.8 to reduce the 
swelling of said feed block. 

4. A method according to any one of Claims 1 
to 3 wherein an amount of a dry meal flour is admixed 
with said fluid feed composition following the vacuum 
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distillation to reduce swelling of said feed block by 
reducing its temperature, said amount comprising 
about 18£ to about 30$ of said feed block. 

5. A method according to any one of Claims 1 
5 to 4 wherein said fluid feed composition further 

comprises from about 0.5$ to about 3$ by weight of an 
anhydrous salt to further reduce the water content of 
said feed block by forming a crystalline complex with 
any water remaining in said composition after vacuum 
10 distillation. 

6. A method according to any one of the 
preceding claims wherein said fluid feed composition 
further comprises from about 1# to about 2# by weight 
of lecithin to reduce the stickiness of said 

1 5 composition. 

7. A method of making a water resistant non- 
porous, hard, vitreous feed block for animals 
comprising the steps of, providing a fluid 
composition molasses, from about \% to about 2% by 

20 weight of unsaturated free fatty acids, an amount of 
bivalent metallic base sufficient to saponify said 
fatty acids into an insoluble soap to enhance the 
water resistance of said feed block, from about 1# to 
about 2% by weight of lecithin to reduce stickiness 

25 of said composition, a nutritionally compatible base 
or acid in amounts sufficient to maintain the pH of 
said composition between about 6.2 to about 6.8 to 
reduce the swelling of said feed block, about 0.5# to 
about 3^ by weight of an anhydrous salt to further 

30 reduce the water content of said feed block by 
forming a crystalline complex with any water 
remaining in said composition after vacuum 
distillation, heating said fluid composition at 
substantially ambient pressure and without 

35 substantial foaming in the composition to a 
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temperature within a range of from about 107°C 
(225°P) to about 149°C (300°P) so as to drive off the 
major .portion of the water content of said 
composition, subjecting substatially all portions of 
5 said heated, fluid composition to a substantial 
vacuum without substantial further temperature 
increase so as to further substantially reduce the 
water content of said composition, admixing an amount 
of a dry meal flour to add nutritional values to said 

10 feed block and to reduce swelling of said feed block 
by reducing its temperature, said amount comprising 
about 18$ to about 30$ of said feed block, forming 
said composition into blocks while it is still 
sufficiently hot to be formable, and allowing the 

15 composition to cool until it hardens into formed 
blocks. 

8. A water resistant, non-porous, hard, 

vitreous feed block for animals comprising molasses 
and about 1# to about 2# by weight of an insoluble 
20 soap, 

9* A water resistant, non-porous, hard, 

vitreous feed block for animals comprising molasses 
and from about \$> to about 2# by weight of an 
insoluble soap. 
25 10. A feed block according to Claim 8 or to 

Claim 9 further comprising from about 18$ to about 
30$ of a dry meal flour. 

11. A feed block according to any one of Claims 
8 to 10 further comprisig from about 0.5$ to about 3$ 

30 by weight of an anhydrous salt. 

12. A feed block according to any one of Claims 
8 to 1 1 further comprising from about 1$ to about 2% 
by weight of commercial grade lecithin. 

13* A water resistant, non-porous, hard, 

35 vitreous feed block for animals comprising molasses, 
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from about 1j6 to about 2$ by weight of an insoluble 
soap, from about 1# to about 2# by weight of 
commercial grade lecithin, from about 0-5$ "to about 
3.5# by weight of an anyhydrous salt, from about 
5 18$ to about 30$ by weight of a dry meal flour, and a 
pH of from about 6.2 to about 6.8. 

14. A method of making a water resistant, non- 

porous, hard, vitreous feed block for animals 
substantially as hereinbefore described. 
10 15. A water resistant, non-porous, hard, 

vitreous feed block for animals substantially as 
hereinbefore described. 

16. Apparatus for making a water resistant, 

non-porous, hard, vitreous feed block for animals 
15 substantially as hereinbefore described with 
reference to the accompanying drawings. 
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